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Abstract. – The pathogenesis of diabetes
mellitus wounds is complicate, and there lacks
effective treatment strategies. Mesenchymal
stem cells can promote wound healing. Com-
pared with bone marrow mesenchymal stem
cells, umbilical cord mesenchymal stem cells
have obvious advantages in biological property.
Wnts are potent regulatory molecules for stem
cell turnover and skin regeneration, while Wnt
signaling is not well activated in diabetic
wounds. Umbilical cord mesenchymal stem cells
with Wnt/ββ-catenin signaling pathway pre-acti-
vated have some potential in the treatment of di-
abetic wounds. In this paper, we review the re-
search status as well as problems in this field.
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Introduction

With the social and economic development as
well as the improvement of people’s living stan-
dards in developing countries, the main causes of
diseases have also been significantly changed,
and the therapeutic problems of acute and chron-
ic wounds become more prominent. The recent
epidemiological study in 2009 showed that the
main causes of chronic wounds in Chinese peo-
ple have been changed from trauma and burns to
chronic diseases (36%) such as diabetes mellitus.
Due to the complex pathogenic factors, and diffi-
culties in treatment, great attention has been
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payed to the treatment of wounds caused by
chronic diseases1. Studies in some developed
countries and regions in Europe and America
showed that the outcome of chronic skin ulcers
caused by diabetes is poor and the amputation
rate reaches 27%2. Therefore, there is a trend to
develop wound therapeutics into an independent
discipline.
The skin of diabetic patient can be easily in-

jured, and the wound is often recurrent and
hardly healed, which may lead to stubborn re-
fractory ulcer. The diabetic wound is difficult to
heal, high susceptible to infections and with
high amputation rate, which not only causes
great pain but also increases the burden of the
family and society. Therefore, it is an urgent is-
sue in clinical to find the way to promote dia-
betic wound healing.

Research Status and 
Problems in the Field
Wounds caused by diabetes and other chronic

diseases are often called refractory wounds. The
pathogenetic mechanism is complex. Generally,
the wound can hardly be healed via normal heal-
ing process due to a variety of internal or exter-
nal factors, and which, thus, lead to refractory re-
currence3. One possible mechanism may be relat-
ed to many factors, for instance, abnormal in-
flammation, abnormal expression of matrix met-
alloproteinases, proliferation deficiency and ex-
cessive apoptosis of fibroblasts in granulation tis-
sue, proliferation disorder of epidermal cells, low
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Figure 1. The schematic diagram of blocking and activation of Wnt/β-catenin signaling pathway. Reproduced from Chen et al13.

expression level of vascular endothelial growth
factor, etc. A recent study4 revealed that Wnt/β-
catenin signaling pathway plays a role in diabetic
wound healing in rats. Currently, the treatment of
diabetic wounds is mainly based on the control
of diabetes and mostly concentrated in wound
protection and infection prevention, and in addi-
tion, external cell growth factors are applied to
create healing conditions for the wound to
achieve natural healing. However, the wounds
can hardly be healed via conventional sympto-
matic treatment and application of cell growth
factors, including angiogenic factors5,6. With the
deepening understanding of wound healing, the
ideas in would healing have been changed from
passive waiting for to active regulation and from
surgical procedures to regeneration and perfect
repair, where stem cells are considered to be the
foundation of tissue regeneration7. Nowadays,
studies have preliminarily revealed the therapeu-
tic potential of adult or fetal stem or progenitor
cells in the treatment of skin ulcers8. Mesenchy-
mal stem cells (MSCs) can promote the repair
and regeneration of skin wounds through not on-
ly the secretion of growth factors but also differ-
entiation into vascular and non-vascular cell
components9. So far, in the field of MSCs for the
treatment of diabetic wounds, apart from suc-
cesses for wound healing in experiment, little has
been reported about the clinical application of

autologous stem cell, and the clinical efficacy is
not stable and the transplantation way also needs
to be further developed. In addition, a study re-
vealed that the micro-environment in diabetic
wound is not conducive to the survival, prolifera-
tion and differentiation of stem cells, and the sur-
vival time of exogenous bone marrow mesenchy-
mal stem cells (BMMSCs) in diabetic wound is
relatively short10, which may be related to the
Wnt/β-catenin signaling pathway dysfunction in
diabetic wound healing in rats4. Wnts are potent
regulatory proteins of stem cells turnover and
skin homeostasis and regeneration11, and it can
promote stem cells proliferation and differentia-
tion. Wnt signaling pathway is divided into the
canonical and other noncanonical signaling path-
ways, and the canonical signaling pathway is an
important signal transduction pathway to control
animal embryonic development and tissue and
organ morphogenesis12. Within the currently
known family members, Wnt-1, Wnt-3a and
Wnt-8 are able to activate the canonical pathway.
β-catenin is a key factor in Wnt signaling path-
way, and cyclin D (Cyclin-D1) and the proto-
oncogene c-myc are the important target genes of
Wnt/β-catenin signaling pathway. The canonical
Wnt signaling pathway is shown in Figure 1.
MSCs are a class of tissue stem cells with

multiple differentiation potential, which were
first discovered in the bone marrow. In specific
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MSCs30,31. It has been proved that BMMSCs
combined with collagen sponge can promote
chronic ulcer healing32. Acellular dermal matrix
can be used as the scaffold material for epider-
mal cell culture to construct the skin substitutes,
while during the decellularization process, the
cell anchors on the surface of scaffold are dam-
aged and the attachment of the cells on the der-
mal matrix is thus affected. Laser micropore
acellular dermal matrix has been proved to be a
better kind of three-dimensional scaffolds in ex-
periment, which can contribute to cell growth
and vascularization33. Collagen and chitosan have
good biocompatibility and support cell adhesion,
thus in theory, collagen-chitosan modified micro-
pore acellular dermal matrix is the ideal scaffold
material, which can be used as scaffolds of tissue
engineering skin containing MSCs.
In summary, the umbilical cord tissue-derived

MSCs have many advantages, i.e., wide variety
of sources, high purity, no ethical problems, low
immunogenicity, multiple differentiation poten-
tial, ability to secrete growth factors and differen-
tiate into skin cells for wound repair, immune
regulation function and anti-inflammatory ef-
fects. The collagen-chitosan-laser micropore
acellular dermal matrix is the ideal scaffold for
tissue-engineered skin. Wnt signaling pathway is
closely related to the proliferation and differenti-
ation of MSCs as well as wound healing. Wnt3a
is proved to be a key protein in Wnt protein fami-
ly in activation of the Wnt/β-catenin signaling
pathway, and it is typical representative in the
canonical Wnt protein family. Exogenous Wnt3a
can activate Wnt/β-catenin signaling pathway in
vitro, and it plays an important regulatory role in
the proliferation and differentiation of a variety
of stem cells34. It is speculated that composite
scaffolds containing UCMSCs with Wnt signal-
ing pathway pre-activated can promote diabetic
wound healing. Wnt signal regulation is helpful
in the treatment of diabetic wounds with use of
tissue-engineered skin containing stem cells,
which can accelerate wound healing and improve
the outcome.

Application and Prospect
With the aged tendency of population and the

change in life and diet, the incidences of chronic
diseases such as diabetes also gradually increase.
In the life of diabetes patients, they have a 25%
chance of developing diabetic foot ulcers35. The
chronic wounds caused by diabetes have brought
to the society and family a huge economic bur-

induction conditions in vitro, MSCs can differen-
tiate into many kinds of cells such as bone, carti-
lage, fat, tendon, muscle and nerve cells. Present
study suggests that BMMSCs can secrete several
cytokines, invade into the wound area, differenti-
ate into skin appendages such as epidermal cells,
endothelial cells and sweat glands and, thus, pro-
mote wound healing14-16, while the exact molecu-
lar mechanism remains unclear. The Wnt/β-
catenin signaling pathway is closely related to
the proliferation and differentiation of MSCs17,18.
Previous study has confirmed that CD133+ prog-
enitor cells from human fetal aorta can promote
healing of diabetic ischemia wounds through ac-
tivation of Wnt signaling pathway19. It is specu-
lated that transplantation of MSCs with activated
Wnt signaling pathway in diabetic wounds can
promote wound healing.
Umbilical cord blood and umbilical cord tis-

sue are major sources of MSCs, while richer con-
tent of MSCs is found in the umbilical cord tis-
sue20. Compared with BMMSCs, umbilical cord
MSCs (UCMSCs) have many advantages, i.e.,
wide variety of sources, low antigenicity, no
bioethics issues, and in addition, UCMSCs are
more similar to embryonic cells and are better
than adult stem cells in promoting wound
healing21. Umbilical cord tissue-derived MSCs
are of weak immunogenicity, and they can also
suppress allogeneic immune response and reduce
the local inflammatory response by secreting an-
ti-inflammatory cytokines22. Nowadays, the tech-
niques for umbilical cord tissue-derived MSCs
isolation & culture as well as differentiation have
been well developed23,24, and the modified en-
zyme digestion method has been established25.
Therefore, UCMSCs are expected to be the new
source of seed cells for cell therapy and tissue
engineering. It has been confirmed that UCMSCs
are applicable in xenograft26,27. UCMSCs show
good prospects in clinical application due to the
fact that, in clinical xenotransplantation, no ap-
parent transplant reaction occurred without a
match28,29.
It is not safe for systemic use of MSCs by in-

travenous infusion. However, local direct appli-
cation of MSCs cells cannot make the cells set-
tled in local wound, and MSCs can rarely mi-
grate to the wound when injected subcutaneously
or intramuscularly around the wound, which is
not conducive to cell survival and functioning.
Suitable carrier materials are helpful in maintain-
ing the cell activity and function and, thus, they
can improve the therapeutic efficacy of
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den. However, the clinical treatment is very diffi-
cult, and it is difficult to achieve satisfactory out-
come. Currently, there is still no ideal treatment
protocol for chronic wounds caused by diabetes.
In clinical, it is urgent to find less invasive, toler-
able and effective therapeutic methods. The study
about Wnt signal regulation in tissue engineering
skin containing UCMSCs promoting diabetic
wounds healing may yield new ideas and new
strategies for the treatment of refractory chronic
wounds such as diabetic wounds, which can be
verified by clinical researches and is expected to
increase the rate of wound healing, to reduce am-
putation rates, to shorten hospital stay and to
lower hospital costs. Thereby, it is expected to
improve patientsí life quality, i.e., make patients
capable of self-care and alleviate the patientsí
pain and the burdens on families and society.

Conclusions

Tissue engineering skin containing UCMSCs
with Wnt/β-catenin signaling pathway pre-acti-
vated may be widely applied in clinical and have
significant economic and social benefits.

––––––––––––––––––––
Acknowledgements
This study was supported by grants from the National Nat-
ural Science Foundation of China (81101423) and Military
Medical Science and Technology Research Project of
“Twelfth Five-Year Plan” of China (CWS11J111).

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) FU XB. The practice of wound healing center con-
struction in China. Zhonghua Shao Shang Za Zhi
2011; 27: 8-9.

2) JEFFCOAT WJ, HARDING KG. Diabetic foot ulcers.
Lancet 2003; 361: 1545-1551.

3) MENKE NB, WARD KR, WITTEN TM, BONCHEV DG,
DIEGELMANN RF. Impaired wound healing. Clin Der-
matol 2007; 25: 19-25.

4) CHONG ZZ, SHANG YC, MAIESE K. Vascular injury
during elevated glucose can be mitigated by ery-
thropoietin and Wnt signaling. Curr Neurovasc
Res 2007; 4: 194-204.

5) PAPANAS N, MALTEZOS E. Growth factors in the treat-
ment of diabetic foot ulcers: new technologies,
any promises? Int J Low Extrem Wounds 2007; 6:
37-53.

6) LOYD CM, DIACONU D, FU W, ADAMS GN, BRANDT

E, KNUTSEN DA, WOLFRAM JA, MCCORMICK TS,
WARD NL. Transgenic overexpression of ker-
atinocyte-specific VEGF and Ang1 in combina-
tion promotes wound healing under nondiabetic
but not diabetic conditions. Int J Clin Exp Pathol
2012; 5: 1-11.

7) FU XB. Ponderance over tissue regeneration and
regenerative medicine. Zhonghua Shao Shang Za
Zhi 2011; 27: 1-2.

8) BADILLO AT, REDDEN RA, ZHANG L, DOOLIN EJ, LIECHTY
KW. Treatment of diabetic wounds with fetal
murine mesenchymal stromal cells enhances
wound closure. Cell Tissue Res 2007; 329: 301-
311.

9) LI H, FU X. Mechanisms of action of mesenchymal
stem cells in cutaneous wound repair and regen-
eration. Cell Tissue Res 2012; 348: 371-377.

10) WU Y, CHEN L, SCOTT PG, TREDGET EE. Mesenchymal
stem cells enhance wound healing through differ-
entiation and angiogenesis. Stem Cells 2007; 25:
2648-2659.

11) ITO M, YANG Z, ANDL T, CUI C, KIM N, MILLAR SE, COT-
SARELIS G. Wnt-dependent de novo hair follicle re-
generation in adult mouse skin after wounding.
Nature 2007; 447: 316-320.

12) DASGUPTA R, KAYKAS A, MOON RT, PERRIMON N. Func-
tional genomic analysis of the Wnt-wingless sig-
naling pathway. Science 2005; 308: 826-833.

13) CHEN BY, WANG X, CHEN LW, LUO ZJ. Molecular tar-
geting regulation of proliferation and differentia-
tion of the bone marrow-derived mesenchymal
stem cells or mesenchymal stromal cells. Curr
Drug Targets 2012; 13: 561-571.

14) STAPPENBECK TS, MIYOSHI H. The role of stromal stem
cells in tissue regeneration and wound repair. Sci-
ence 2009; 324: 1666-1669.

15) WALKER NG, MISTRY AR, SMITH LE, EVES PC, TSAKNAKIS
G, FORSTER S, WATT SM, MACNEIL S. A chemically de-
fined carrier for the delivery of human mesenchy-
mal stem/stromal cells to skin wounds. Tissue
Eng Part C Methods 2012; 18: 143-155.

16) BADIAVAS AR, BADIAVAS EV. Potential benefits of allo-
geneic bone marrow mesenchymal stem cells for
wound healing. Expert Opin Biol Ther 2011; 11:
1447-1454. 

17) LING L, NURCOMBE V, COOL SM. Wnt signaling con-
trols the fate of mesenchymal stem cells. Gene
2009; 433: 1-7.

18) SCHEEL C, EATON EN, LI SH, CHAFFER CL, REINHARDT

F, KAH KF, BELL G, GUO W, RUBIN J, RICHARDSON AL,
WEINBERG RA. Paracrine and autocrine signals
induce and maintain mesenchymal and stem
cell states in the breast. Cell 2011; 145: 926-
940.

19) BARCELOS LS, DUPLAA C, KRÄNKEL N, GRAINANI G, IN-
VERNICI G, KATARE R, SIRAGUSA M, MELONI M, CAMPE-
SI I, MONCIA M, SIMM A, CAMPAGNOLO P, MANGIALAR-
DI G, STEVANATO L, ALESSANDRI G, EMANUELI C,
MADEDDU P. Human CD133+ progenitor cells pro-

2463

Therapeutic potential of mesenchymal stem cells for diabetic wounds by pre-activation of Wnt signaling



2464

mote the healing of diabetic ischemic ulcers by
paracrine stimulation of angiogenesis and acti-
vation of Wnt signaling. Circ Res 2009; 104:
1095-1102.

20) SECCO M, ZUCCONI E, VIEIRA NM, FOGACA LL,
CERQUEIRA A, CARVALHO MD, JAZEDJE T, OKAMOTO

OK, MUOTRI AR, ZATZ M. Multipotent stem cells
from umbilical cord: cord is richer than blood!
Stem Cells 2008; 26: 146-150.

21) RAMELET AA, HIRT-BURRI N, RAFFOUL W, SCALETTA C, PI-
OLETTI DP, OFFORD E, MANSOURIAN R, APPLEGATE LA.
Chronic wound healing by fetal cell therapy may
be explained by differential gene profiling ob-
served in fetal versus old skin cells. Exp Gerontol
2009; 44: 208-218.

22) SALEM HK, THIEMERMANN C. Mesenchymal stromal
cells: current understanding and clinical status.
Stem Cells 2010; 28: 585-596.

23) KADAM SS, TIWARI S, BHONDE RR. Simultaneous iso-
lation of vascular endothelial cells and mesenchy-
mal stem cells from human umbilical cord. In Vit-
ro Cell Dev Biol Anim 2009; 45: 23-27.

24) HAN Y, CHAI J, SUN T, LI D, TAO R. Differentiation of
human umbilical cord mesenchymal stem cells in-
to fibroblasts in vitro. Biochem Biophys Res Com-
mun 2011; 413: 561-565.

25) HAN YF, TAO R, SUN TJ, CHAI JK, XU G, LIU J. Opti-
mization of human umbilical cord mesenchymal
stem cell isolation and culture methods. Cytotech-
nology 2013; 65: 819-827.

26) STOFF A, RIVERA AA, SANJIB BANERIJEE N, MOORE ST,
MICHAEL NUMNUM T, ESPINOSA-DE-LOS-MONTEROS A,
RICHTER DF, SIEGAL GP, CHOW LT, FELDMAN D, VAS-
CONEZ LO, MICHAEL MATHIS J, STOFF-KHALILI MA,
CURIEL DT. Promotion of incisional wound repair by
human mesenchymal stem cell transplantation.
Exp Dermatol 2009; 18: 362-369.

27) HAN Y, TAO R, HAN Y, SUN TJ, CHAI JK, XU G, LIU J.
Microencapsulated VEGF gene-modified umbili-
cal cord mesenchymal stromal cells promote the

vascularization of tissue-engineered dermis: an
experimental study. Cytotherapy 2014; 16: 160-
169.

28) BROWER J, BLUMBERG S, CARROLL E, PASTAR I, BREM H,
CHEN W. Mesenchymal stem cell therapy and de-
livery systems in nonhealing wounds. Adv Skin
Wound Care 2011; 24: 524-532.

29) LIU L, CHAI J, HAN Y, SUN T, LI D, ZHAO J. Research
progress of biological characteristics and advan-
tages of Wharton's jelly-mesenchymal stem cells.
Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi
2011; 25: 745-749.

30) O'LOUGHLIN A1, KULKARNI M, CREANE M, VAUGHAN

EE, MOONEY E, SHAW G, MURPHY M, DOCKERY P, PAN-
DIT A, O'BRIEN T. Topical administration of allo-
geneic mesenchymal stromal cells seeded in a
collagen scaffold augments wound healing and
increases angiogenesis in the diabetic rabbit ul-
cer. Diabetes 2013; 62: 2588-2594.

31) JIANG D, QI Y, WALKER NG, SINDRILARU A, HAINZL A,
WLASCHEK M, MACNEIL S, SCHARFFETTER-KOCHANEK K.
The effect of adipose tissue derived MSCs deliv-
ered by a chemically defined carrier on full-thick-
ness cutaneous wound healing. Biomaterials
2013; 34: 2501-2515.

32) YOSHIKAWA T1, MITSUNO H, NONAKA I, SEN Y, KAWANISHI

K, INADA Y, TAKAKURA Y, OKUCHI K, NONOMURA A. Wound
therapy by marrow mesenchymal cell transplanta-
tion. Plast Reconstr Surg 2008; 121: 860-877.

33) CHAI JK, LIANG LM, YANG HM, FENG R, YIN HN, LI FY,
SHENG ZY. Preparation of laser micropore porcine
acellular dermal matrix for skin graft: an experi-
mental study. Burns 2007; 33: 719-725.

34) TRAN TH, WANG X, BROWNE C, ZHANG Y, SCHINKE M,
IZUMO S, BURCIN M. Wnt3a-induced mesoderm for-
mation and cardiomyogenesis in human embry-
onic stem cells. Stem Cells 2009; 27: 1869-1878.

35) SINGH N, ARMSTRONG DG, LIPSKY BA. Preventing foot
ulcers in patients with diabetes. JAMA 2005; 293:
217-228.

T.-J. Sun, R. Tao, Y.-Q. Han, G. Xu, J. Liu, Y.-F. Han


